The action of bleaching powder in water purification by Van Brunt, George Athol

UNIVERSITY OF ILLINOIS
LIBRARY
Class Book VoKiroe
Ja 09-2OM


THE ACTION OF BLEACHING POWDER
IN WATER PURIFICATION
BY
GEORGE ATHOL VanBRUNT
B. S. University of Illinois, 1908
THESIS
Submitted in Partial Fulfillment of the Requirements for the
Degree of
MASTER OF ARTS
IN CHEMISTRY
IN
THE GRADUATE SCHOOL
OF THE
UNIVERSITY OF ILLINOIS
1909

UNIVERSITY OF ILLINOIS
THE GRADUATE SCHOOL
June 1 ]9o9
1 HEREBY RECOMMEND THAT THE THESIS PREPARED UNDER MY SUPERVISION BY
George Athol VanBrunt
ENTITLED THS ACT I.Q3J CF BLEACHIITG PCHDEr: IR
^ATHIx P.I]rn.IEICATIOH
BE ACCEPTED AS FULFILLING THIS PART OF THE REQUIREMENTS FOR THE
DEGREE OF LIASTEP. CE AETS IE . GHEillSTEY
In Charge of Major Work
J
Head of Department
Recommendation concurred in:
Committee
on
Final Examination
1451'24

THE ACTION OF BLHIACHING POWDER IK IJATSR HJRIFICATICH.
Part I.
HISTORIGAL.
The importance of a pure supply of water to be used for
drinking purposes has been recognized for hundreds of years and
long before the Christian era Eome considered it worthy of a place
among the problems deserving municipal attention and appointed
officers whose duty it was to procure and maintain adequate sup-
plies of ptire water. The mighty aqueductr.many of which are
still in a fair state of preservation, hundreds of miles long and
costing enormous sums of money »testi fy to the strenuous efforts
made by this ancient people to protect their health as much as
possible*
During the Middle Ages, the importance, even the know-
ledge of such precautions ,wa8 lost sight of in the religious and
other wars and conflicts and finally in the deep and overwhelming
ignorance and apathy which enveloped the entire civilized world.
Very little if any, attention was paid to questions of public
hygiene and welfare and it is not strange that great epidemics
swept across whole continents, raging with irresistable fury and
devastating entire districts while the people were utterly powerless
to do anything to stop the awful scourges. Gradually, however,
people again came to realize the importance of pure water for
drinking purposes, and again attention was paid to the securing of
water which had had no chance to be polluted by any of the products
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of human wastes and activities.
No attempt was made, however, to purify by artificial
means, water for human consumption, until the first part of the
nineteenth century. Then the filtration of water on a fairly large
scale was first started by the London Waterworks Company in 1829.
Since then filtration has been tried in niunberless places and has
been va^-iously improved and developed until it is now one of the
most Important methods of securing a safe supply of drinking water.
Filtration is necessary in the case of turbid waters or waters con-
taining a large amount of suspend particles or bacteria, and af-
fords an efficient and easy means of removing these.
Filtration, however, requires a plant especially constructed
for the purpose, involving the outlay of large sums of money for
filters, drains, etc. In places where a comparatively small quantity
of water is required, the demand might not justify the building of
even a small filter^plant. Then, too, for such purposes as supplying
an army on the march or providing a supply of pure water on ship-
board, a sand filter is entirely \inavailable, and other means to that
end must be sought.
It may be well to consider, at this point, just what it is
that makes a water impure or unfit for drinking purposes. We know by
chemical analysis that water in falling through the air dissolves a
small quantity of several gases. In its subsequent wanderings
through the earth, it dissolves out a certain amotmt of mineral matter,
and generally, a slight amount of organic material, both depending
on the conditions. In addition to these it may have a quantity
of matter, organic or inorganic which is not soluble, but remains
floating or suspended in the water. Lastly, all natural waters
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contain bacteria, T^iich are introduced into the water in various
ways and often produce profound changes in the character and com-
position of it. Now, the mineral salts ordinarily present in a
water are in no way detrimental to health, with the exception, per-
haps, in the case of certain rare and well defined types of mineral
waters. A water containing any appreciable amount of suspended matter
is not likely to be drunk, on account of its appearance, although
the suspended matter would likely have no injurious effect on the
body. Thus we see the question of a bad water, or one tmfit for
drinking, resolves itself into the question of the amount and character
of the bacteria in the water and renders the problem of securing
a good supply of water a more definite one.
Jour. Inf. Dis, 1907 Supple. #3, pp. 41-49.
Of course, the organic matter is indirectly connected with the
bacteria content, as it furnishes the food for the bacteria, but it
is the bacteria and not the organic matter that is harmful to us.
As stated before, a sand filter is very efficient in
purifying a water of the things which are directly or indirectly
harmfii] to health. It never removes all of the bacteria. It is
inapplicable in many oases^ as for example, in small installations
when the water may be sufficiently clear for use but a high number
of bacteria makes their removal desirable. It is also manifestly
unavailable in places where portability is an item, as in supplying
water to an army on the march. In view of these things many pro-
cedures have been devised to effect the easy and complete steriliza-
tion of the water. The simplest of these is merely boiling.
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Exposure to a temperature of 60° C. for only a few minutes
is sufficient to kill most pathogemc bacteria, \s*iile a boiling heat
maintained for thirty minutes will kill all bacteria ,including those
in the spore form. Many methods depending on the oxidizing or toxic
effect, or both, of various chonicals are to be found in the litera-
ture on the subject and it will be sufficient to give a very brief
description and the reference, to a few of the more important of
these.
Maumene'^ proposes to treat water with EilnO^, removing the
bacterii and organic matte-^ by oxidation.
Jour. Chem. Soc. A. I, 1895 p. 260.
Beychler, mentions the use of ClOg as a sterilizing
agent for drinking water. The water is treated, then allowed to
stand a short time.
Jour. Chem. Soc. A II '01
, p. 548.
Ballner adxocates the use of 01 and Br together as a
means of freeing water from bacteria. Both of these elements are
quite toxic toward bacteria in addition to their oxidizing- properties.
The method has apparently found some slight local application. It
has also been proposed to use these agents separately.
Jour. Chem. Soc. A II, 68, 1904.
Another method which has been used fairly extensively,
involves the use of CuSO^. The salts of copper are very toxic to
the lower forms of plant life, as algeae, bacteria, etc.
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It has been used to prevent the growth of these organisms in stagnant
pools, reservoirs and on the sttrface of sand filters. Moore suggests
its use in connection with drinking water supplies.
Am. Jour. Pharm. 04» 76, p. 553-564.
Considerable diversity of opinion exists regarding the use
and copper
of metallic copperysulfate as germicides. The results of different
investigators are very contradictory. Dr. Bartow has published an
excellent review of the subject, giving the conclusions of a large
number of experimenters,
E. Bartow. Twenty-second An. Report of 111. Soc. Eng. & Surveyors, p. 36.
Preyssinge * Koche have investigated the merits of Ca(Mn04^)2
as a disinfectant of polluted water. It is reported to be very effi-
cient, only small quantities of the reagent being required.
Other methods which have been proposed involve the use of
^202* Ba02 other reagents.
Zeit. Hyg. V. 16, p. 149.
In 1894 Traube proposed a simple scheme for the steriliza-
tion of drinkin-? water. His method involves the use of bleaching
which
powder ^n aqueous solution slowly decomposes, setting free nascent 01
which then reacts with the water to form hydrochloric acid and free
CI
oxygen. Thus, Ca »• H20 = Ca{0H)2 + Cl2 and CI2 +H2O = 2HC1 ^ 0.
While the reaction is not nearly so simple in reality, as shown here,
it is believed these equations correctly represent the completed re-
action. The oxygen is in the nascent state and is very active.
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oxidizing many substances with the f^reatest ease. In his original
article Traube does little except to rcention the use of this salt
as a possible solution of the problem of sterilizing water and gives
the results of a few experiments. He reports that 0.000426 g. of
bleaching powder added to 100 cc. of badly polluted water, caused
the death of all organisms in less than 2 hours. The 01 content
was 0.0001065 g. per 100 cc. or 1,065 parts per Million. He found
that the 01 was reduced during the process only 9.1^. It was sug-
gested to use HagSOg to remove the excess of 01.
Lode has been among those most active in testing the
possibilities of this method and has performed many experiments
along these lines. Eassinge had fotind that the quantity of available
CI proposed by Traube was not enough to kill all bacteria certainly,
at least in the time which could be allowed in practice. He used
150 mg. of the bleaching powder per litre of water and allowed 10
minutes for reaction.
Hyg. Hund. 9, 859.
He used a large wooden tank of about 4 cubic meters cajoacity in
his work. The tank was in an open garden, exposed to air and sun-
light. The method of procedure was to fill the tank with water,
then lot stand for several days, when a good growth of various
algeae, and bacteria of different species would take place; in
many cases the bacteria were introduced directly from pure cultures,
or fl*om decaying substances or feces. In the latter case, the bleaching
powder solution was added just before inoculating with the bacteria,
and in every case the available 01 was determined by As
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solution. Samples were taken from various depths in the tank and at
varying intervals of time and plated on gelatine plates. Briefly the
results of several experiments were as follows:
#1. Water caitained 1,600 bacteria per cc. The equivalent
of 30 pts per Million of CI was added. In 30 minutes all bacteria
were killed. In 24 hours no traces of free 01 could be found.
(Tested by PTl & starch solution. )
#2. Contained 1,005 bacteria per cc. 3980 1. water were
treated with 597 g. calcixjm hypochlorite ( s 150 mg. salt per L.
)
In 30 minutes all bacteria had disappeared,
#3. Contained 3,648 bacteria per cc. Practically 160
pts per Million bleaching powder added. The bacteria were from a decay-
ing starch solution. In 35 minutes only 4 bacteria remained.
#4. 4,010 L. wate-^ were treated with 604 g. bleaching powder
( ; 150 pts per Million). A large amount of a potato culture of B.
prodigioeus was added. In 10 minutes no bacteria were present.
The foregoing experiments indicated the strong antiseptic
properties of bleaching powder and the work of many investigators has
shown the extent of this.
Koch, Llittheil. aus dem kaiser. Gesundheits amte Bd. I. 1881,
Jaeger, Arb. aus dem kaiser. Gesundheitamte #5, S, 267.
Hissen. Zeit. fttr Hyg. Bd. 8, S. 62.
Lode then decided to try the effect of bleaching povtder on waters
containing bacteria which are either directly pathogenic to man or
whose presence in a water is of some special sioTiificance. Pure
cultures of these bacteria ^'ere added to known volumes of water, to
which a filtered solution of bleaching pov/der of definite strength
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had been a,(ided previously.
Three sets of experinients we^^ performed using B. Coli,
B. typhosus and Cholera vibrios, respectively. With the B. Cell
the procedure was as follov/s: 5 Erlenmeyer flasks were taken and
50 or 100 cc. distilled water added. They were then sterilized for
three successive days then the Coli cultures were added. The calcu-
lated amotnit of bleaching powder solution was added frona a burette.
Samples were removed every few minutes and plated in gelatine and
litxmis milk. Of course the free CI remaining in the samples was
neutralized before plating the samples.
The results of the first experiment are given in Table I
h
A + sign indicates that a growth was obtained.
Table I.
Avail CI per L.
Time .001 g. .002 g. .004 g. .008 g. Control
2 + »• + 6,000 per cc.
5 •• + +
10 +
30 + + 00
120 4. +
In the next table the results of another experiment are
recorded, ithidh will enable us to draw conclusions more definitely.
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Table II.
Time. Avail. CI. per L.
Minutes .001 g. .002 g. ,004 g. .008 g. . .012. g. .02 g. .032 g.
Litmus Gel. Litimis Gel. Litmus Gel. Litmus Gel. Litmus Litmus Litmus
Milk ?1. Millc PI. Milk PI. Milk PI. Milk Milk Milk
2 + 46500 + 23436 + 6
5 + 64640 + 17298
10 + 43450 + 10702
30 + 22320 + OOOCO
120 + 100 00000
It seems reasonable to cjonclude that 1 mg. CI. per L. ( = 1
part per Million) is not sufficient to free water completely from B.
Coli. When 2 parts per Million of Gl. were used, the sterilization
was Complete in 2 hours, vthile the gelatine plates showed a reduction
to less than one fourth in 10 minutes. Using 3 parts per Million of
CI. all bacteria were killed off in less than 2 minutes. Thus, we
may say that the amount of CI. proposed by Traube is not enough and
that 10 times that amount would be much safer.
The next experiments were carried out upon the typboid bacil-
lus. The general procedure was the same as in the preceding experi-
ment and Table III gives the results:
Table III.
Time. Avail. CI. per L.
Minutes. .001 g. .002 g. .004 g. .008 g. Control
3 ^ ^ + To many to be
5 C O counted.
10
20
40
60

-10-
The results show the extreme antisex^tic properties of the
bleaching powder and would also lead to the conclusion that the
typhoid bacillus is more siasceptible to its action than the B. Goli
communis. At any rate the complete removal of the bacilli from a
water seems to be easily and quickly accomplished.
The next experiment dealt with Asiatic cholera vibrios.
The results are very much like those given above and will not be
given in detail here.
Prom a consideration of the results of these experiments
it is strikingly apparent that bleaching powder is strongly toxic
toward those pathogenic organisms most frequently found in water and
that very small quantities of it are sufficient to free a water from
them completely.
These ejq^oriments had all bean carried out on distilled water
arti ficially polluted and it was desired to try the bleaching powder
on a naturally polluted water containing, in addition to the bacteria,
^he large amount of organic matter etc, which such waters contain. These
results are typical.
#1, This water was from a spring; had been standing a long
time and was stagnant* A rich growth of Algeae and bacteria could be
seen with the microscope. The oxygen consuiaed was 115 parts per Million,
It was assumed that sterilization is complete in a short time if enou^
bleaching powder is present to give a dark blue color when tested with
Kl and starch solution. The following table gives the results.
Table IV,
Avail. CI. per L,
Minutes
,004 g. .008 g. .016 g. .032 g. .064 g.
10 Colorless Clear blue Dark blue Dark blue Dark blue
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Another sample of the same water was sterilized then a con-
siderable amount of a typhoid bacillus culture added. The results of
treatment with bleaching powder were as follows:
Table V.
Time. Avail. CX. per L.
Minutes ,004 g, .008 g« .016 g. ,032 g. Control.
2 ++00 Could not
5 + be counted.
12 +000
25 +
40 +
As would be expected, this water required a somewhat larger
amount of bleaching powder per L. to effect complete sterilization
than was required with the distilled water t but complete bacterial
purification was obtained in 5 minutes on addition of 8 parts per Million
available Gl.
#2. This sample of water was taken from a pool. The oxygen
Consiuned was 9,2 parts per Million. It was treated with bleaching
powder with these results.
Table VI.
Time Avail, CI. per L,
Minutes. .001 g. ,002 g, ,004 g, ,008 g.
At once. Clear blue Clear blue Deep blue Deep blue
5 Colorless Colorless Deep blue Deep blue
As before f another sample of the same water was sterilized
then a culture of B, Coli was added and the treatcaent with bleaching
powder repeated. These results were obtained.
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Table VII.
Avail* CI. per Gl.
Time .OCl g. .002 g. .004 g. .008 g.
Minutes
2 + + +0
6 + + +0
15 + + +0
30 + + +
60 + + +0
In this case the sterilization did not take place with
less than 8 parts per Llillion of 01. When that amount was used, how-
ever the bacterial purification was complete in 2 minutes. He gives
the results of several other experiments in the same article "but
the results given above are sufficiently typical for our purj[)0Be.
lancet, 175, 1597. (Nov. 28, •08.)
Thresh gives the results of some experiments which were
performed with bleaching pwder, when the latter had been sugi^^ested
as a possible means of purifying some public water supplies^ which
were somewhat polluted. He worked as follows,
#1. T7ater was taken from a well in the chalk and 5 cc.
per L. of a clear sewage effluent were added. It was then treated
with bleaching powder equivalent to 2 parts per Llillion of available
01. and alllwed to stand 30 minutes. The untreated water contained
some thousands of bacteria per cc. and acid and gas were produced when
1 cc. was added to bile-salt glucose broth. Ho growth whatever v;as
obtained when lOcc. of the treated water were put into the same media.

-13-
#2. A filtered and diluted broth contain in/-:- the typhoid
bacillus and an equal quantity of a bile-salt glucose broth ccntain-
ing B. Coli, were added to another sample of the same water. Bleach-
ing powder was added equivalent to 2 parts per Million of Cl« and
allowed to stand 1 hour. On malachite green medium, Icc. of the
untreated water gave over 3,000 colonies; about half of them appeared
to be the typhoid bacillus. Acid and gas were produced by 0.1 cc.
in bile-salt, broth. No growth was obtained from the treated water
when plated on malachite green and no gas was formed when 1, 5, 10
and 20 cc. were added to bile-salt broth.
#3, This samrole of water was from a well, polluted with B.
Coli. The raw water gave 2,880 colonies per cc. on agar plate.
Varying amounts of bleaching powder were added and samples were
plated at various periods of time. This is shown in the following
table.
Table VIII.
Avail. 01. per L,
Time. .0005 g. .00075 g. .001 g.
Minutes
1 + + +
6 + + -
12 + + .
18 + + -
24 + - -
At the end of 5 minutes the sample containing 1 mg. (1 part
per Million) of 01. gave acid but no gas when 20 cc. were added to bile-
salt broth. No growth whatever after 24 minutes.
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He finds fu-ther that a good deal of the CI. is absorhed by the
organic matter, iwhich has been noticed by other investigators also.
Thresh* 8 results seem to be in good accord, both as regards
the anteseptic qualities and the amounts of the bleaching powder
required, with the results of the experiments of other investiga-
tors which have been given above.
In the preceding pages the results of rcany e35)eriinents
have been given. These results for the most part were obtained in
the laboratory, working on comparatively small qiaantities of water
whic} in most cases were polluted artificially. It will be in order
to review at this point the results obtained with the use of bleach-
ing powder in actual practice.
Among the earliest cases in which bleaching powder was
used to treat a public supply, for sanitary reasons, the treatment
of the Pola supply will be mentioned. A severe epidemic of typhoid
fever broke out thwre dwing the fall and winter of 1896-97. It
was decided that the water supply was at fault and treatment with
bleaching powder was proposed,
Oesten. Sanitetswesen. Beilage zu ITo. 52 von 29, Dec. 1899.
This was done, but does not seem to have been altogether successful
tpom several viewpoints. The people complained strongly about the
turbidity which was produced in the water and many refused to drink
it. prom a bacterialogical standpoint the results could have bsen
much improved. Further data concerning it is not at present
available.
^ng. Record Vol. 41 #17, p. 390.
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Following a typhoid fever outbrealc at Maidstone Eng. in
1897, it was decided to sterilize the entire system of water mains
and pipes. The water mains are divided into two sections* Abcat
130.000 imperial gallons of water were left in the reservoir and
10 tons of bleaching powder containing ZZfo available 01. were
diunped in and the mixture very thoroughly stirred; then allowed
to settle for two hoiirs. The mains of the first section were then
Miptied and filled with the solution. After standing twelve hours
the solution was again pumped into the reservior, then allowed to
run to waste. The second section of mains was treated in the sane
way, 50»000 imperial gallons of water and 3 tons of bleaching powder
being used. Dr. Woodhead, •v^o had charge of the work states that
bleaching powder was used as the disinfectant, because of its low
cost, strong antiseptic qualities, ease of handling and the absence
of any danger to the pipes or to the health of the people. The
exjedient seems to have been entirely successful. It was proposed
some time later, to apply the same treatment to the water mains of
Buffalo, N. Y. but popular feeling was so strong against it that
it was abandoned.
In an article in the Engineering Record, Whipple gives a
short review of some of the methods used at different places in
Europe to sterilize the drinking water. Middelkirk in Belgium, a
sea shore resortt employs what is known as the ferro-chlore process.
Ferric :5hloride is added to bleaching powder and this reaction takes
plaoo. Fe2Clg + SCaOgClg + ^HgO - SCaClg+TegOs + 6HC10. 2HC10 =
SHCl-T^Og. Filtration of the water is used in connection with this
treatment; the ferric oxid acting as a coa^^lant* reagents
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are dissolved in separate tanks and mixed just before being added
to raw water as it enters the top of the filters. Hosvatson filters
are used. Some experimental tests were run with this process before
adopting it for general use, the work being carried out in a plant
of 40,000 gallons capacity daily. The bacterial results of the ex-
periments are given in the table.
Table IX.
Bacteria per cc. Test for Coli.
Sample. Axig.ll Aug.22 Sept, 22 f!ept.30 Oct. 17 Aug.ll Aug.22 Sept. 22 Sept. 30
Eaw water 12,800 6,900 5,000 4,230 6,500 + + + +
Filter 2,320 620 40 IE 10 +
effluent
Dist. Reser, 478 180 18 6 4
Tap in City 296 22 12 18 12 +
On the days these analyses were made they used about 1 grain
per gallon of FeCl^ and 1,2 grains per gallon of bleaching powder,
(estimated equivalent to 5 parts per Million 01). The results are so
good that no comment is necessary. As regards the effect produced on
the chemical an,alysis of the water, the following table shows the
analysis before and after treatment, being a typical report.
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Parts per Million
Appearance
Odor
Total Solids
Loss on Ignition
Fixed solids
KMnO^ abs.
Nas alb KH^
N as free
CI.
Free 01.
Raw water.
Yellowish, turbid
Proncimced marshy
832
232
600
24.5
1.200
2.00
2.00
.00
Filtered water.
Clear, Colorless
Very slight
772
128
644
19.0
.500
1.100
2.40
Sli^t trace.
There might be some question as to whether it would be ad-
visable to treat a water and then filter it, since in most cases a good
mechanical filter would give resiilts satisfactory in every way. In
acme cases, however, this method might be used to advantage.
One of the latest and most striking of the applicatiors of
bleaching powder in connection with drinking water supplies is the
treatment of the water of Bubbly Creek in Chicago, hereby a sewage
in varying degrees of decomposition is transformed into a clear, taste-
less and harmless water, entirely fit for drinking. Bubbly Creek, so-
called because gas constantly rose to the surface from the decomposing
organic matter in it, "is the east arm of the south fork of the south
branch of the Chicago river. It is about 3,CC0 feet long and 100 feet
wide and extends from the Junction of Halstead and 39th Ftreots to the
south fork at Center Avenue. The area tributary to it at Halstead and
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39th Streets is about 17,500 acres, of which about 12,500 acres drain
into a main intercepting sewer running to the 39th Street pumping
station." ?rom here the sewage is pumped into the slip, where, in order
Eng. Record Dec. 12 & 19, *08,
to create a current and for other reasons lake water is pumped to the
head of the slip. Briefly the case is this: The drainage from a
population of 400,000 people is diluted by various agencies until,
theoretically at least, it should not give off offensive gases. Of
course, this does net provide a pure water, by any means. A contract
was let to the Norwood Engineering Co. to construct a purification
plant which should treat the waters of Bubbly Creek by combined
chemical and mechanical methods so as to furnish a drinking water
equal to the water supplied to the city of Chicago.
The plant was constructed and four periods of tests were
studied. In the first period the v/ater v/as treated with lime and
iron alone, then filtered. It was found that the cost of cheniicals
was excessive and a very large amount of sludge was produced. It was
deemed necessary to apply copper sulfate, as a germicide, to the co-
agulated and settled water before filtration. The water was clear
and fairly low in bacteria, but frequently had a musty, sewage like
odor, and this increased on standing.
In the second period more experience vias available in apply-
ing the Chemicals and in other operations of the plant. The filters
gave trouble, however, the filtered water frequently containing more
bacteria than the unfiltered.
During the third xjeriod the filters were washed oftener, thus
decreasing the yield. The cost of chemicals v;as fairly high and bacteria
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grew rapidly in the filters and clear v/ell basin. Copper sulfate v/as
used but did not improve the deeping qualities of the water very muoh.
In the foxirth test period it was decided to api^ly bleach-
ing powder in place of the copx>er sulfate. It v;as applied in quantities
ranging from C.4 to 2.0 grains per gallon equivaleait to 2 to 12 parts
per Million of available Gl. A decided improvenent was at once
noted. The bacterial count became very low and the water had good
keeping qualities. It had^still, a slight excess of organic matter and
possessed some taste, but cattle drank it very readily. T7ith some
limitation the water seems to comrjare very favorably with the city
water. In fact, the colon bacillus was practically absent from the
treated water, while most samples of city v/ater contained it. Accord-
ing to a psjjer by Dr. Gehmann, Goli was present in 8.9^ of the
tests made during a period of fifteen days. Puller reference to this
japer is made later on. Another great advantage was seen in the lowering
of the cost of treatment, iraring the first three test jsriods men-
tioned above, the cost of chemicals was $18.55, $15.44 and $14.57
respectively, i^er million gallon of in'ater treated. The cost fell to
$7,04 during the last period, a very important consideration indeed.
In the following tables a comrjarison of the results of the chemical
and bacterialogical analyses of the raw v/ater, the water after treatnient
and the ordinary city water is given.
Table XII.
Bacterialogical Analyses.
Date, Raw water. Filtered water. City water. Settling basin
Sept* Bac, cc. B. Coll. Bac. cc. B. Goli, Bac. cc. bI Coll. Bac.cc.B.Goli'
3. 9 A.M. 1,004,000 + 200 + 1,1&2 + 420 +
12 H. 416,000 + 29 - 244 +
S P.M. 440,000 + 26 ^ 218 +
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Table XII. (Contin-aed)
Date.
Sept.
Raw water
Bac. cc. B.
•
Goli.
Filtered water.
Bac. cc. B. Coll.
City water.
Bac. cc. B. Coli.
Settling 'basil]
Bac. cc. B.Co;
4. 9 A.M. 71 9,GOO + 17 Z75 26
12 H. 1,184,000 + 3 233 +
3 P.M. 485,000 + 9 mm 196 + 5
5. 9 A.M. 494,000 + 1 270 + 45
12 N. 1,040,000 + 3 55 +
3 P.M. 1,204,000 + 21 mm 103 +
6* 9 A.M. 620,000 + S «#• 165 + 12
12 U. 2,658,000 + 10 198 +
3 P.M. —
—
+ 6 - 168 +
7. 9 A.M. 890,000 + 12 650 + 328 +
12 1,280,000 + 12 327 + 5
3 P.H. 464,000 + 3 456 + 200
8. 9 A.M. 583,000 + 5 + 720 + 26 gas
12 N. 2,700,000 + 9 532 + 3
3 P.M. 632,000 + 1 416 + 27 gas
9. 9 A.M. 76C,000 + 13 112 + 46 gas
12 IT. 3,840,000 + 4 432 +
3 P.M. + 5 178 + 41 gas
10.9 A.M. 1,093,000 + 23 263 + 38 gas
12 N. 1,824,000 + 3 180 + 9
3 P.M. 748,000 + 9 ? 219 264 +
11.9 A.M. 388,000 + 1 126 + 23
12 K. 1,318,000 + 1 288 + 5
3 P.M. 443,000 + 7 312 + 42 gas
12.9 A.M. 430,000 + 15 352 + 96 gas
12 N. 798,000 + 3 66 +
3 P.M. 125,000 12 + 110 106 gas
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Table XII. (Continued)
Date. Baw water. Filtered water. City water. Settling basin.
Sept. 3ac. oc. B. Coli. Bac. cc. B. Coli. Bac. cc. B. Coli. Bac. cc. B. (Joli.
13.9 A.il. 167,000 + 5 166 + 52
12 U. + 3 151 + 50 -
3 F.M. 290,000 + 2 74 + 7 —
14.9 A.M. 240,000 + 11 140 + 142 -
12 N. 400,000 + — - 120 + 16 -
3 P.M. 244,000 + 9 178 + 8 gas
15.9 A.M. 178,000 + 9 - 252 + 224 gas
12 K. 404,000 + 5 164 + 843 gas
3 P.M. 271,000 + 26 740 + 152 -
16.9 A.M. 314,000 + 19 278 + 593 gas
12 IT. 364,000 + 29 360 32 —
3 P.M. 214,000 + 30 240 +
17.9 A.M. 356 ,000 + 21 1,376 + 12
12 N. 253,000 + 38 151 + 34
3 P.M. 512,000 + 10 + 306
Table XIII.
Chemical Analyses. (Parts. per Million.
)
H as
free
Date Water HHg
17 as
alb.
Ms CI.
Total Fixed -
Solids Solids
Alkal
Volat. as
Solids CO2
Hard.
as
CaCO^ Iron Con.
Free
COo
Sept. 4 Raw 1,60 1,70 23.10 300.00 190.00 110.00 53.20 128.70 2.00 2.00
» 4 Clear 2,40 0.20 24.85 250.00 150.00 100.00 11.76 71.50 3.12
" 4 City 0.02 0.04 5.30 175.00 115.00 60.00 44.90 103.00 0.78
5 Eaw 2.00 0.90 23.10 230.00 160.00 70.00 62.48 111.54 1.50 4.96 5.00
5 Clear 2.24 0.20 24.90 270.00 200.00 70.00 15.40 95.80 3.33 3.26
" 5 City 0.02 0.08 5.30 165.00 135.00 30.00 53.68 110.00 0.70 1.98
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Table XIII. (Continued)
IT as as
free Alb.
Date Water IIH3 HH^
Sept. 7 Eaw 2.40 0.50
M 7 Clear 2.00 0.08
H 7 City 0.16 0.50
n 7 Raw 1.60 0.30
ti 7 Clear 1.60 0.08
»f 7 City 0.02 0.07
M 8 Raw 2.56 0.74
n 6 Clear 2.00 0.12
ti 8 City 0.03 0.07
H 9 Raw 2.00 1.30
»• 9 Clear 2.00 0.18
M 9 City 0.03 0.046
M 10 Raw 2. CO 1.30
ft 10 Clear 1.84 0.08
n 10 City 0.03 0.056
M 11 Raw 2.56 1.54
11 11 Clear 2.40 0.20
M 11 City 0.04 0.042
n 12 Raw 2.00 0.74
n 12 Clear 2.00 0.13
n 12 City 0.20 0.046
It 14 Raw 2.24 0.66
tt 14 Clear 2.00 0.21
t« 14 City C.04 0.036
Total Fixed Volat.
CI. Solids Solids Solids
23.10 270.00 180.00 90.00
54.90 240.00 160.00 80.00
5.30 155.00 110.00 45.00
18.64 27.00 170.00 100.00
23.10 210.00 130.00 80.00
5.30 130.00 105.00 25.00
20.40 270.00 180.00 90.00
22.18 220.00 160.00 60.00
5.30 155.00 100.00 55.00
18.62 260.00 170.00 90.00
20.33 170.00 120.00 50.00
6.20 135.00 100.00 35.00
19.53 240.00 170.00 70.00
23.10 180.00 130.00 50.00
5.30 130.00UO5.C0 25.00
23.07 250.00 180.00 70.00
26.63 190.00 130.00 60.00
6.21 135.00 95.00 40.00
23.07 270.00 170.00 100.00
22.19 220.00 130.00 90.00
7.10 170.00 130.00 45.00
23.96 240.00 160. OC 80.00
24.85 200.00 100.00 100.00
5.30 185.00 125.00 60.00
Alkal Hard,
as as
CO2 CaCOg Iron Con GOg
51.48 121.55 1.50 10.67 5.00
12.30 57.20 3.10 8.30
43.56 92.95 0.50 7.75
55.88 114.40 1.40 9.90 3.00
17.16 78.65 3.12 8.69
46.66 92.95 0.80 6.90
58.96 107.25 2.00 8.30 3.00
16.70 57.20 0.96 7.75
50.60 92.95 0.48 7.21
59.40 121.55 1.44 10.47 2.00
14.90 64.35 0.56 7.55
47.08 92.95 0.42 7.11
57.20 125.84 1.60 10.27 3.00
15.40 64.35 0.40 8.5
47.50 IOC. 00 0.30 6.51
60.28 118.69 2.50 14.22 4.00
15.84 61.50 0.40 10.07
48.40 92.95 0.34 9.87
57.20 121.55 1.30 12.60 5.00
22.88 71.50 C.8C 8.30
45.76 100.00 0.40 8.80
55.56 121.60 1.32 12.64 4.00
15.40 57.20 0.44 9.08
47.52 92.95 0.44 8.09
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Tctble XIII. (Continued)
Data Vater
as
free
o
n as
aib.
3
CI.
Total
Solids
Fixed
Solids
Volat.
Solids
Alkal
as
CO2
Hard.
as
CaCOg Iron Con COg
Sept. 14 Baw 2.16 1.14 23.96 220.00 14C.00 80.00 57.20 121.55 1.60 11.80 4. 00
M 14 Clear 2.24 0.10 23.96 200.00 120.00 80.00 17.60 64.35 0.40 8.30
11 14 City C.05 0.06 6.20 150.00 100.00 50.00 49.28 95.80 0.48 8.09
H 15 Raw 1.60 0.90 19.53 280.00 180.00 100.00 57.20 124.40 1.28 12.64 3.50
•t 15 Clear 1.76 0.05 22.20 250.00 140.00 110.00 19.80 157.30 2.00 8.1
W 15 City 0.014 0.022 6.20 195.00 115.00 80.00 47.96 92.95 0.26 7.11
tt 16 Raw 2.16 0.74 19.52 250.00 160.00 90.00 57.64 114.40 1.44 11.87 6. 00
It 16 Clear 2.00 0.05 22.20 180.00 100.00 80.00 19.80 57.20 Trace 8.58
M 16 City 0.024 0.046 5.30 120.00 110.00 20.00 48.40 92.95 0.28 7.90
fl 17 Raw 2.00 0.74 20.40 300.00 240'. 00 60.00 57.20 114.40 2.50 12.44 5. 00
17 Clear 1.92 0.05 21.30 160.00 90.00 70.00 15.80 64.35 Trace 8.30
17 City 0.03 0.046 6.20 150.00 115.00 35.00 48.40 85.80 0.32 7.11
» 18 Raw 1.84 1.06 22.20 250.00 160.00 90.00 59. 4C 128.70 2.66 13.20 5. 00
fl 18 Clear 1.76 0.26 25.73 250.00 160.00 90.00 21.56 65.78 1.16 8.88
If 18 City 0.024 0.044 5.30 140.00 105.00 35.00 46.20 92.95cC.38 7.11
These tables are from a paper presented by Dr. Adolph Gehrmann to
the Milwaukee meeting of the Laike Michigan TVater Commission.
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An inspection of these tables shows scroe very interesting
things, and it luay be well to discuss them briefly.
From the analysis the raw water is seen to be very high in
both organic and inorganic constituents, while the bacterial count
is exceo'iiiigly hi^. It is indeed, a sewage rather than a water.
Comparing the raw and treated waters, it is hard to say whather the
U as free ammonia is higher in the raw or filtered water, apparently
it is about as high, on an average, in the one as in the other. It
is readily seen that the IT as albuminoid ammonia is markedly lowered
in the filtered water. A great deal of this is xmdoubtedly due to
the action of the bleaching powder. We should expect the city water
to be generally lower than the treated water, and such is the case.
The difference is not great enoxagh, however, in most cases, to cause
any apprehension. We should expect the CI* to be slightly increased,
if anythir^g, in the filtered vrater and this is found to be true. The
CI. appears to "be between four and five times as high in the treated water
as it is in the city water. It is interesting to note that the bleach-
ing powder does not increase the CI. content more than two or three
parts per Million and often much less than that. The total solids are
reduced in the filtered water, but are still considerably higgler than
in the city water. We should expect both the fixed and volatile solids
to be higher in the raw than in the filtered water and such is the
case; the city water is lower than either. The alkalinity of the
filtered water is much lower than the raw or the city water. This is
to be expected since it is treated with lime. It can be seen that the
use of bleaching powder adds very little to the alkalinity or hardness of
a water. The city water is generally ccusiderably harder than the
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filtered water. It is seen that, in several cases, the iron is con-
siderably higher in the filtered than in the -^aw water, the city water
being much lower than either. As the test progresses, however, the
reverse is true, at least part of the tinie, and the filtered water
compares very favorably with the city water in respect to the iron
content. This circumstance leads one to think that lack of experience
or knowledge has caused too much iron sulfate to be added, much of
it thus remaining in soltition. The consumed is seen to be very high
in the raw water, while in the filtered it is reduced considerably,
often being only a trifle higher than the city water. The free 00^
was not determined in the filtered or in the city water so no com-
parison can be made.
Turning now to the results of the bacterial analysis, it is
seen that the very hii^ number of bacteria in the raw water, is enormous-
ly reduced in the filtered, making it sup 3*1 or to the city water in
this respect. The highest ntunber recorded during this test was 200
bacteria per cc. in the treated and filtered water while the city water
was frequently hi^er tham this and reached a maximum of 1,376 bacteria per
cc.
As regards gas- formers, B. coli and other bacteria of sus-
picious charsujter, the treated and filtered water shov/s them to be
almost entirely removed. In 45 tests positive indications of Coli
were obtained only 3 times while 2 other tests were doubtful. It is
to be noted that only 2 tests of the city water during the period gave a
negative result. It will be noted that the water from the settling
basin gave, for the most part, positive or doubtful indications of
Coli, although a number of negative results were obtained. The
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production of gas is net always a positive sign of the presence of
B. Coli, as several other species of bacteria possess the power of
fermenting dextrose and other sugars, some of these species being
normally found in water. From an inspection of the results of the
chemical and bactarialogical analysis of the treated and filtered
water and that obtained from the city supply, it is seen that the
treatment with bleaching powder and filtration, produces, from a
raw sewage, a water which is in every respect equal to,and in some
cases superior tofthe regular city supply.
Using the work at the Bubbly plamt as a basis the Jersey
City. Water Supply Cc. , have commenced the use of bleaching powder
at the Boonton N. J. plant, which furnishes water to the people of
Jersey City, N. J. From the data at hand the results appear to be
"Very good indeed. The work done at this i^lant was net considered by
us in our experimental work, but it is menticned here as merely show-
ing the increasing use of this treatment.
It is believed that enough data has been cited, from the
results of experiments at various plants in the country, to establish
the claim that bleaching powder is of sufficient importance to merit
further investigation and experiment. We will, therefore, pass on to
the results obtained by xis in actual experiment and practice.
Part II,
The experimental work was divided into several p^arts.
1, Smallest amoimts of Ghlorin detectable "by taste or sm^ll.
2, Determination of amounts of Chlorin absorbed by various waters
in different periods of time.
3, Determination of smallest amounts of free (jhlorin detectable by
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Bimple chemical tests.
4. Practical application of bleaching poTK'der treatment C3n large
scale.
Varying amounts of a solution of bleaching powder were
added to a series of ssoiples of filtered Mississippi river vater in
such amounts as to give the following concentrations.
Ho. 1 parts per Killicn free CI.
2 3.84 « M t» M «
3 7,66 " " "
4 11.49 •* " »»
5 15.32 H « M H M
Chlorin could be detected slightly in #3 and fairly strongly in #4.
A new solution of bleaching powder was made up of such
required w
strength that 10 cc. j 10.6 cc.^g Na^SgO^. Then, .003EE X 10.6
r .03763 g. 01. in 10 CO. or .003763 g. in 1 cc. 7.97 cc. were then
4iluted to 100 cc. making 1 cc. = .C002996 g. 01., practically equal
to .0003 g. 01. Varying amounts of the solution were added tc a
series of saoples of double distilled and tap water. Three persons
were asked to taste these samples and determine the x^oint where the
Chlorin could be detected. They did not know which san^jles lontained
the Chlorin, nor the amounts. Each sample contained 300 cc. water.
The results msgr be tabulated thus.
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Table XIII.
Double distilled water. Tap water.
No.
B.P.
Sol.
cc.
01.
pts.
per M.
Remarks
.
No.
B.P.
Sol.
cc.
01.
pts.
per M.
Remarks
.
1 1 1 General opinion that 1 1 1 Chlorin was
2 2 2 Chlorin was sli^tly 2 2 Z detected in
3 3 3 noticeable in *3. 3 3 3 #4, and very
4 4 4 They could not agree 4 4 4 faintly in #3.
5 5 5 on #2. 5 5 5
6 6 6 6 6 6
7 7 7 7 7 7
8 8 8 a 8 8
9 9 9 9 9 9
10 10 10 10 10 10
They also tasted samxjles of water which did not contain
Chlorin. It appears therefore that it is impossible to detect by
the taste, less than 3 parts per Million of free hiicrin in an ordinary
drinking water.
It appears to be easier to detect Chlorin in the distilled
than in the tap water. This is, perhaps, due to the fact that the
taste of distilled water naturally resembles that of water containing
a small amount of Chlorin, or to the fact that the amount of Chlorin
is reduced by the organic matter in the tap water.
The results of this eTcperiicfint indicate that amounts of
Chlorin less than 3 parts per Million, can not be detected with cer-
tainty.
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As has been mentioned bleaching powder breaks up in aqueous
scluticn, the final product being Ca(0H)2 said 0. In presence of
oxldisible substances this action takes place much more rapidly than
in a pure water. A number of experiments were made to determine the
quantities of bleachlnf^ powder which would be absorbed by various
waters in different periods of tirie. Samples of double distilled water
were also run to determine the rate at which the bleaching pov/der
disappears in a pure water. This water was made by taking ordinary
distilled water, treating with Br. and allowing to stand several
hours, then distilling over Na^CO^* The amount of organic matter is
very small Indeed.
The following table gives the results of one of the pre-
liminary tests on the Uhiver sity of Illinois water.
Table jlL,
Time.
NO.,
Pts.
01.
per M. 1 Min. 30 Min. 1 3/4 Rr. 3 Hr. 24 Hr. 30 Hr. 54 Hr. 72
1 .14 +
Z .17 + +
S .19 + A' **
4 .21 + + Si M M
5 .24 + + +
6 .26 + + + mm mm M
7 .29 + + +
8 .32 + + +
9 .34 + + + - _
10 .36 + + + + - -
11 .375 + + + + - -

-28-
Table XIV, (Continuod)
No. CI.
per M. 1 Min. 30 Min. 1 3/4 Hr. 3 Hr. 24 Hr. 30 Hr. 54 Hr. 72 Hr.
12 .14 + + +
13 .43 + + + + + +
14 .46 + + + + + + +
15 .48 + + +
1+ 1+ + 1"r
16 .50 + + + + + +
17 .53 + + + + + + +
18 .55 + + + + + + +
19 .57 + + + + + + + +
20 .60 + + + + + + +
It will be noted that the bleachini? powder seems to "be
absorbed or to disappear more quickly in the second experiment than
in the first. These were performed on different days and an ex-
planation may, perhaps, be fotind in the fact that the water is often
Tery turbid from the presence of Crenothix, vhen it would thus con-
tain more organic matter and tend to absorb CI. more rapidly.
In this table a comparison of the absorptive powers of
raw and filtered water from Quincy, 111., is given.
Table XV . (a)
Raw water.
Pts.
No. 01. 1 Min. 30 Min. 1 Hr. 2 Hr. 4 Hr. 6 Hr. 24 Hr.
1 i.eo + + * - - - -
2 1.25 + + +
3 1.50+ + + +
4 1.75 + + + + - -
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Table XV (a) (Continued)
Pts.
No. CI. 1 Min. 30 Min. 1 Er. 2 Hr. 4 Hr. 6 Hr. 24
5 2.00 + + + + + + -
6 2.25 + -U + + + + -
7 2.50 + + + + + +
8 2.75 + + + + + +
9 3.00 + + + + + + -
TaHe X7 (Continued)
Filtered -water.
Pts.
No. CI. 1 Min. 30 Min. 1 Hr. 2 Hr. 4 Hr. 6 Hr. 24
1 .50 + + + -
2 .75 + + + + -
3 1.00 + + + + + -
4 1.25 + + + + + + -
5 1.50 + + + + + + -
6 1.75 + + + + + + -
7 2.00 + + + + + + +
8 2.25 + + + + + + +
9 2.50 + + + + + + +
The bleacMng powder was detected by the use of starch
paste and KI. A Nessler tube was used, and after adding the two
reagents to the water, the tube was placed in a comparison camera
and noted whether a blue color could be detected. This test is very
delicate and it appears that as small a quantity as c.07 parts per
Million of fl'ee CI may be easily detected.
This preliminary work gave us some basis on which to
work, so arrangements were made to conduct practica,! work on a
large scale.
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The first practical test of bleaching powder as a means
of improving a city water was made at Lake Forest, 111. The water
is pumped from Lake Michigan, a small amount of Alum added and then
forced through the old pressure-type Jewell filters at 60-65 lbs.
pressure. The plant furnishes a supply of 400,000 gallons per day.
The nxanber of bacteria in the filtered water has always been high,
while gas- former3 have almost always been present.
It was believed that the filters had become thoroughly
coated inside witJi organic matter, thereby furnishing a good
medium for the bacteria to grow in and tending to increase rather
than diminish the number of bacteria in the filtered water. It
was decided to wash one of the filters very thoroughly with a strong
solution of bleaching powder.
The water was drained off the filter and 40 gallons of water
containing 6# bleaching powder were mn in and allowed to staaid one
half hour. It was then drained off and v/ater allowed to flov> through
\intil all trace of 01 had disappeared, which required about 30
minutes, Samples from this filter were plated on nutrient gelatine.
A high count was obtained vSiich would lead us to suspect that this
procedure did not materially reduce the number of bacteria passing
through the filter. ITo samples were plated»however tbefore treating
the filter, so no direct comparison can be mc*,de. Arrangements
were then made to treat the entire supply.
A paste was made with 10# of bleaching powder and added to
the a] um tank, with the altmi. This mixture was added to the water
at the pump, starting at 9,30 o'clock in the morning. Frequent
tests for C hlorin were made at different points in the system. At

10.30 o*clock a slight blue csolor could be detected in the water from
the individual filters. It was deemed advisable to cut down the Sp*
mount of Solution and this was done. Thereafter a faint color could
generally be obtained ft-om each filter.
ll/6,*08. Made paste with 2# of powder and added as before.
The flow was accidentally shut off for some time, ^en turned on
again the raw water gave a strong blue color, but water from the
filters gave only slight colors.
It was plainly apparent that the water would absorb about
Z§ bleaching pov/der during 12 hours. Considering the pumpage to be
BOOfOOO gallons in 12 hours, this would be equivalent to 0.07 grains
per gallon. This amount is small, but owing to the fact that no time
was given for the powder to act, it was necessary that only as much
be added as would be absorbed immediately, in order to avoid the
risk of getting enough Chlorin in the water to be detected by the
consumers
.
During the remainder of the test, therefore, the bleaching
powder was added at the rate of 1 l/2# - 2* per 12 hours. T-^sts
were frequently made to determine roughly the amoujit of free tlorin
present in the water. A faint blue color could generally be obtained
in the water from the filters.
Samples were plate<i at frequent intervals during the test
and the results are giVen below.
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No tests were made previous to the treatment with bleach-
ing powder, in order to get the normal of the plant, so no direct com-
parisons can be made* Samples had been sent to the State Water Stirvey
about once a month, but it is believed no fair comparison could be
made between them and the results obtained as above.
It will be noted that the total number of bacteria grow-
ing on gelatine is quite high, more so, probably, than would be ex-
pected, but it must be remembered that not more than a few seconds
time was given for the bleaching powder to act on the bacteria and
that unusually small amoxints of it were used. The complete absence
of gas-formers is distinctly encouraging and leads one to think that
the majority of the bswiteria present are the harmless species of
water bacteria which are more hardy than the gas-formers and allied
typos and so were not affected by the treatraent. It is worthy of
remark that the bacteria in the treated water seemed stunted and
grew very slowly. It would have been better if the bacterialogical
work could have been done right on the ground, instead of shipping
the samples to TJrbam, 111. to the Water Survey. Media and Petri
dishes were taken with us to Lake Forest ^but no control over tem-
perature was possible and conditions :>enerally were so adverse that
no reliance could be placed on the results and the attocipt was a-
bandoned.
The Kankakee Water Works Oo. was the next to introduce the
use of bleaching powder, in addition to the regular treatment v/ith
iron sulfate and lime, followed by sedimentation and filtration.
The bacteria counts of the treated water were not very high but gaa-
formera were present with annoying persistance. It was to remove these
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latter that the treatment with bleacMnf> powder was inaugurated.
The water supply is obtained from the Kankalcee river, being
treated as above described. The daily consumption is about 2,000,000
gal Ions
.
samples wore plated for a fev; dacrs, no bleaching powder
being used, in order to get the normal condition of the water. The
results were as follows.
Table XVIT .
Date. Sample. Time. Bact. per cc. Coli.
3/5 Eaw water 3 P.U. 250 +
If Sed. •f 3 P.M. 200
ti Tap II 3 P.M. 100 e
3/6 Raw ff 10 A.M. 350
tt Sed. H 10 A.M. 350 ?
•« Tap l« 10 A.M. 200
3/6 Raw M 3 P.M. 1400 ?
n Sed. •t 3 P.M. 550
H Tap It 3 P.M. Lost
3/8 Raw II 11 A.M. No growth
fi Sed. ff 11 A.M. 870 +
ft Tap II 11 A.M. 100 *>
On tiie loth of March 22# of bleaching powder were dissolved
in a barrel of water. A pipe was inserted in the side ..
'
=7^ and a pet-cock ar-rainged to deliver the entire amount
of solution in 12 hours. It started to flow steadily at 11 o'clock
ai3d continued all of that day and the eater part of the night, by
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slight dilution. The solution was added at the entrance end of
the settling basins, at the same place where the lime solution is
fed in. No trace of free Chlorin could be detected in any paurt
of the system, with starch paste and Kl,
3/11. «09. The barrel was again filled and 24 # bleach-
ing powder added. Some trouble was experienced by the pet-coclc
becoming clogged with the fine particles floating in the solution.
After 11 O'clock the flow of solution was steady. A faint blue color
with starch and KI could be obtained near point of entrance of
the solution, but no where else. About .168 grains per gallon of
bleaching powder were being added.
3/12.09. The use of the barrel was abandoned and the
bleaching powder added directly to the lime solution tank. It was
added at rate of 2# per hour. A faint blue color could be obtained,
on testing, only in immediate vicinity of i^ace where solution en-
tered settling basin. At 6 o'clock F» started using 3# bleach-
ing powder per hour.
3/13. '09, At 8 o'clock A.M. a fairly strong blue color
could be detected, on testing in all parts of the settling basins
and also in the filtered water. The amoxmt was cut down to 2 1/2 #
per hour. No color coxi^ld be obtained except at place of entrance
of solution.
3/14. Added 3# ; er hour during day and 2 l/2# per
hour during night, as rate of pumping then is somewhat less. Free
Chlorin could gonenally be detected in water from the filters,
but sometimes failed to show ux' in different parts of the basins.
This was likely due to imperfect mixing.
During the next two days the basins had to be emptied.
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in turn, 3o that a much shorter time for sedimentation was given.
The hleaching powder was added at the above rate. A blue color
could be detected at times in t?ie basin, but often disappeared.
The filtered water generally gave the blue color.
Gas fomers had entirely disappeared from the raw water, by
this time and the total bacteria cotmt was low, so the test was dis-
continued for a time.
The following table gives the results of the bacterial-
Igical teats of the samples taken during the period when the bleach-
ing powder was being added.
Table XIX.
Date. Sample. Time. Bact. per cc<
3/10 Raw water 5 P.M. 6,000
n Sed. •f ff 3,600
n Tap ti rt 800
3/11 Raw tt 11 A.H. 16,400
tt Sed, M It 2,680
tt Tap tt It 1,040
3/11 Raw tt 5 P.M. 4,320
n Sed. tt n 1,420
n Tap tf H 690
3/12 Raw tf 4 P.U. 1,930
tt Sed. tf H 1,410
tt Tap tt n 580
3/13 Raw If 11 A.M. 1,260
tf Sed. tt tt 450
tt Tap It tt 196
Coll.
+
+
+
+
+
Incubator was
disarranged and
too high a temp-
ature was main-
tained. It is
impossible to
determine the
certainty whe-
ther or not Coli
were present in
the remaining
samples.
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Table XIX. (Continued)
Date, Sample Time. Bact. per oc. Coli.
3/13 Eaw sample 4 P.M. 400 (See above)
» Sed. » 150
" Tap " "60
3/14 Raw S " 3 P.M. 350
" Sed. " "400
tt Tap " 195
It v/ill be noted that the reduction of bacteria in the
treated water is not as high as could be desired. It is unfortunate
that the absence of Coli and gas- formers in the raav water pre'vented
the formation of any conclusions as to the action of the bleaching powder
.30 grains
^hf)n / per gallon is added. According to the results of other
investigators this should be sufficient to reduce very materially
the number of bacteria. As an explanation of why a greater re-
duction was not obtained, several reasons may be suggested. The
bleaching powder either in solution o^* as the powder, was added to
the settling basin at the same time as the lime solution. No time
was given therefore for the lime and iron to reacl before the
addition of the bleaching powder. Good opportunity was therefore
afforded for the iron sulfate to be oxidized by the bleaching
powder, before it was precipitated as the hydroxide by the lime,
thus greatly reducing the strength of the former. Then, too, all
of the suspended organic matter was still present as no chance
had been given for this to settle out or be removed by the flocculent
ferrotis hydroxide. This organic noatter has a great capacity for
absorbing Chlorin and undoubtedly a good deal of the available
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Chlorin of the bleaching powder was dissipated in this way.
When the bleaching pcwrder was dissolved in the lime
solution tank along with the lime there is a possibility of a re-
action taking place between the lime and the hypochlorous
free Chlorin formed by the breaking of the bleaching powder.
Whatever may be the case, general opinion seems to favor the ad-
dition of the bleaching powder to the water to be treated, just
before it goes into the filters. This view is confirmed by the
results of the work at Quincy 111.
The Quincy water supply is pumped directly from the
Mississippi river, treated with lime and iron and filtered. The
filtered water has generally been of fairly good quality, but
those in charge of the plant wished to get the best possible
water and to this end decided to use bleaching powder to sterilize
the water. They also decided to install a small laboratory where
-they could make their own bacterialogi oal analyses, and thus keep a
much closer control of the quality of water supplied to the town.
The State Water Survey offered to give any assistance desired and
under its direction the laboratory was installed and the experimental
work carried out. It is believed that a list of the apparatus
purchased for use there, together with a short discussion of some of
the di fficulties encotmtered before the laboratory was in a con-
dition to do satisfactory work, may be of benefit to any ^o have
occasion to install such a laboratory .
The following list of apparatus was nade out, and carefully
checked by several persons v&,o have had es^^erience in such matters, and
subsequent e3q)erienoe has shrwn that it includes all of the apparatus

ordinarily required to make routine bacterialogical tests of a water
supply. It night be well to state that practical application showed
the advisibility of one or two slight changes in the list as first
made out.
Wo. Apparatus
.
Price.
36 Petri dishes $5.40 to 6.00
60 Smith tubes 5.50 " 9.00
24 Pipettes 10 co. 1.92 " 2.50
24 Pipettes 1 cc. 1.20 » 1.70
24 Pipettes 2 cc. grad. l/lO cc. 5.40 5.40
2 Wire baskets .60 .70
2 Thermometers 100 ®c. 1.50 1.65
10 Reagent bottles 8 oz. 1.60 " 2.70
3 Bxirettes 50 cc. grad. l/lO 3.60 " 4.17
10 Peet rubber tubing 9 min. 1.00 " 1.05
2 ITests beakers (1-6) 1.30 " 2.00
2 Tripods 125 mm. .35 " .38
10 Wire gauzes 150 mm. 1.20 " 1.30
Arnold sterilizer 32.00 "33.75
1 Grad. 1,000 cc. 1.10 *• 1.20
2 Ice boxes (incv ators) 30.00 "30.00
1 Counting apparatus 9.00 "10.80
2 Tyrells burners 1.40 " 1.60
2 Thermostats .90 " .90
2 Regulators .05 " .05
2 Heating coils .60 " .60
Total 118.07 128.90
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As will be noted, the list does not c ntain incubators for
the cultures. In their place, two good ice-boxes may be substituted
vftiioh will give just as good results at a raixh lower money-cost. One
is to be kept at a temperature of 37 l/2° C. the other at 20°C. As
a means of heating the first one, some form of electrical heater,
with thermost&t and regulator, is most convenient. It is sometimes
hard, especially in suraner, to keep the terote rature of the other box
down to 20°C, without the use of ice. This can be most easily ac-
complished by the use of a coil of pipe, through which water is kept
flowing. Obviously, the water mjiat have a temparature not above 20*^
C. and preferably a few degrees lower than this. If water of this
temperature cannot be obtained it may be cooled by passing it thro'ogh
a coil surrounded by ice, before it reaches the ice-box. Of course
a thermostat with heater coils and regulator are also required, to
prevent the temperature falling too low. Two such ice-boxes, when
properly fitted up up and installed will do just as good service as
the regular incubators on the market and at a greatly reduced cost,
A great deal of trouble was experienced at Quincy in getting
the thermostats adjusted to keep a constant temperature. This was
found to be due to the thermostats thanselves. They were too heavy
and possessed ao much inertia that they were not affected by slight
changes of taaperature and therefore often did not make good enough
Contact, electrically, to work the regulator and switch the current
on or off, A new type of thermostat was obtained from the Bateman,
Garrison and Maddox Co. of Champaign, and at once removed the difficul-
ties arising from that source.
The regulators were obtained from the above company and seem
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to "be an improvement over some of the other types on the market. One
of the best features is the fact that the batteries for working the
switches are in use only at the instant the contact is made, and not
during the whole time that the heating current is on, as is the case
with many of the other ^eg^aators.
It will be noted that the list of apparatus, as given above,
includes pipettes gradiiated to l/lO cc. These are to be used when
it is desired to plate less than 1 cc. of sample, as of raw river
water and so on. While it is fully recognized that this method is
not so accurate as the method of diluting with pure sterile water and
could not be always recommended, otl li \ ' . . : v '..v..! still
it is so much quicker and aasi requires less apparatus and manipula-
tion that it may be desirable at times to use it. This is especially
the case Vfh^e , as at Quincy, the men in charge have been trained to
do merely this one branch of the work and who do not have much tin^e
and, perhaps, less inclination, to be bothered with the additional
task of keeping a supply of sterile water on hand and making the
dilutions of the sample each time. And, as ssmx^lea are plated at
least once a day the average of the bacterial results will be pretty
nearly correct, even thou^ slight errors do creep in at times in
measuring out so small a quantity of sanaple.
This list of apparatus was submitted to several supply
houses with the request that they quote prices on the entire outfit.
The amoiants were pretty closely the same in each case and would be
about $80. for the glass ware alcne. Addir^ in the cost of two
ordinary ice-boxes , with the electrical equipment necessary, the
price would be about $126. The cost of wirii g and other incidentals
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of installation would bring the total cost of a small laboratory in
the neighborhood of $150-|160, The cost of installation depends
very largely on local conditions. This estimate does not include the
cost of providing a place for the laboratory. It is assxamed that a
suitable place for that purpose is already at hand. At Quincy, a comer
of the engine room of the pumping station was utilized. A laboratory
should preferably be in some light enclosed space by itself, as it is
much more convenient and easier to Iceep clean.
The principal ejcpens e afterthe ingtallaticn of such a
laboratory is the cost of media. It may either be made at home
or obtained from any supply house. It is not hard to make but re-
quires a good deal of experience and time. If it is bought from
some supply house care should be taJcen to see that it is correctly
made. Thus it is a good plan to Iceep a culture of pure Coli on hand
and test each new lot of dextrose broth to see if it reacts properly.
On account of a n'omber of unavoidable delays, it was over
two weeks before the laboratory at Q;uincy was in good working order,
and even then many ctiltures were lost throu^ the failure of the in-
oulators to regulate properly. Samples were plated from the intake
well, the sedimentation basins and the water chamber of the pump,
for a period of nearly two weeks in order to get the normal condition
of the water. The results of these analyses were as follows.
Table XX.
Date. Sample. Time. Bact. per cc. Coli.
Haw water 11 A.M. Lost +
*• Sed. « w +
» Tap " ** 40
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Table XX (ContiTiued)
Date. Sample
.
Time. Bactt per cc. Coli.
4/3 Sea. water 3 P.M. 150 +
Tap ff Lost +
4/5 Deci. tt 5 P.M. n +
n Tap tt ft 300 +
i
4/& Raw ft 11 A.M. 4840 +
n becL* tt 600 +
ft Tap tt tt 325 +
V6 Haw It fit HI'«i P.M. 4130 +
n oecLs tt If 680
ft ioip tt 315
4/7 rtaw tt T T A HIT 23750 +
tt oeu.. tt ff 1150 +
H Tap tt ft 570 +
, 4/7 Haw tt R T) Iff 5000 +
tt tt ff 2330 +
n Tap tt ff Lost ?
4/8 Haw tt 11 A.M. 80CO No samples plated
It beu. tt ff 710 tt M tf
H Tap tt ft 212 tt tl tt
4/8 Haw tt P.M. 15480 +
tt Sed. tt ft 1260 +
tt Tap It N 274 +
4/12 Raw »f 11 A.M. 3150 +
tt Sed. •1 Lost ?
It Tap n 230 ?
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Table XX (Continued)
Date. Sample
.
Time. Bact. per cc. Coli.
4/l3 Baw sanple 11 A.M. Lost +
n Sed. " If 700 +
M Tap " N 180 +
4/13 paw » 4 P.M. 25C0 +
n Sed. " n 500 +
«t Tap tt 100
4/14 Raw » 5 P.M. Lost ?
M Sed. " M M gas
H Tap If n +
The use of the bleaching powder was coimenced on the 15th
of April. The average hourly pumpage is 200,000 gallons per hour. A
solution of the powder was made in a barrel and a pet cock was adjusted
to add the solutiori at a rate equivalent to 5# of bleaching powder
XJer hour. This equals .175 grains per gallon. The solution was added
to the sedimented water at the point where it flows off into a ^"ell,
just before going on to the filters. Addition at this place insures
thorough mixing and obviates some of the difficulties mentioned in
the discussion of the results at Kankakee. Samples of filtered water
taken from a tap on the pump, gave a faint blue color.
4/l6,*09. Added at rate of 7# bleaching powder her hour.
This equals about .20 grains per gallon, and was added at same place
as before. No trace of the bleaching powder could be detected in the
tap water.
4/17 Used 10# per hour, equivalent to .35 grains per gallon.
About noon complaints began to come in that the water had a •medicine"
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taste and small. Cne man described a salty aftertaste. The amount
of bleaching powder was cut dovvn to about 4# or 5# per hour, and the
tasto gradually disappeared from the v/ater.
4/20 Added at rate of 6# per hoiir. No color could be obtained
on testing the tap water nor the water going on the filters. This
rate was maintained, hov/ever, all day, in order tc see v/hat effectfif
any, it would have on the bacteria logical results.
4/21 Added at rate of 7# p r hour. No distinct color on
testing tap water.
4/22 Same rate as before. The pumpage was about 5^ less
than the average, i'eckoned from strokes cf loump. A fairly distinct
"blvus Color could be gotten on testin|f the tap water.
The remaining days of the test the bleacMng powder was
added at the rate of 7# per hour. At this rate a faint blue color
could generally be obtained from the tap water, but no objection-
able taste or odor could be detected, on the 28th another pump
was started iqp in place of the old one. The pumpage v/as calculated
to be 2/3 of the averafee or 133,333 gallons per hour. Accordingly
bleaching powder was added at the rate of 4 l/2# per hour. A strong
color was obtained, however, in the tap water, so it had to be cut down.
The X'^page was quite irregular and it was impossible to estimate
it correctly or calculate the proper amount of bleaching i>owder to
add. It was, therefore, thought best to discontinue the use of the
powder on the 29th.
IKiring this experiment, samXJles were plated twice a day,
thus keeping a close watch on the quality of the water. As stated
above, three samples were plated at one time; a sample of raw water.
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taken from the intake v.-ell; a sample from the s edinientaticzi basin,
taken just before the addition of the bleaching powder and a sample of the
filtered taken from a taj) on the pump. It is believed that by this
method of sampling an accxjrate ilea may be obtained of the v.ork done by
each separate part of the system.
Attention must be called to the fact that the rate of pianp)-
ing varies considerably from time to time, during the day. As the
flow of bleaching powder solution was kept constant, the water re-
ceived more of it at times than it did at others. These variations
of the rate were entirely beyond control or calculation, but it Is
believed they are the cause of what are apparently discrepancies
in some of the early reports given above. Thus , sometimes a blue
color could be obtained in the tap water on testing, when a relatively
small amount of bleaching powder was bein*^ added. At other times
no trace of blue could be detected although a larger amount of bleach-
, ing powder was being added.
The following table gives the bacterial results.
Table XJQ.
Date. Sample. Time. Bact, per cc. Coli.
4/15 Baw sa^nple. 11 A. 11. Lost +
« Sed. n n tt
Tap M n It
4/15 Raw 5 P.M. tt +
»» Sed. H M It +
It Tap If n tt
4/16 £a«r n 11 A.M. 2500
tt Sed. tt « 80 ?
n Tap I* 2

Table XXI. (Continued)
Date. Sample. Time. Bact. per cc. Coli.
4/I6 Kaw sample 5 P.M. 2500 +
" Sed. " •» 1500 eas
** Tap ** •* 1
4/17 Raw " 10; 30 fi.M. 6600 ?
• Sed. »• »• 200
H
»i»ap •••10
4/17 Raw " 4 P.M. 2800 +
" Sed. •• •» 250 +
» Tap ""So
4/20 Raw " 11:30 A.M. 14O0O +
" Sed. •• » 4280 Not plated.
« Tap •• « 160 ?
4/20 Raw « 4:30 P.M. 12600 Not plated.
« Sed. « 1200 ?
4/21 Raw " 11 A.M. Lost +
Sed. •• " 510 Not plated.
Tap »» «• 10 10 CC.+
4/21 Raw « 4:30 P.M. Lest +
" Sed. •• " 450 +
Tap ""SO
4/22 Raw •» 4:30 P.M. 3060 +
" Sed. 350 +
1 cc. 10 cc.
« Tap » •• 6 +
4/23 aaw »• 11 A.M. 6360 +
f Sed. • « 500
^ m .. ^ _ 1 00. 10 CC.H Tap 5 +
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Table XXI. (CcEtinued)
Date. Sample
.
Time. B£tct. per cc. Coll.
4/23 Raw sample 4; 30 P.M. 6980 +
ft Sed. tf 400 ir
1 CO. 10 cc.
M Tap *f « 6 +
4/24 Eaw II 12 rr. 5760 +
It Sed. It II Not plated +
1 cc. lO cc.
« Tap n « 10 +
4/26 Eaw n 11 A.M. 3100 +
n Sed, It M 150
1 cc. 10 cc.
M Tap tt M 6 +
4/26 Eaw n 4:3C P.M. Lost +
tf Sed. II tt 140 Au
1 cc. 10 cc.
ff Tap H ft ou v
4/27 Eaw n 11:30 A.M. 2210 +
t« Sed. II n 650 +
1 cc. IC cc.
n Tap II II 15
The above results are typical of those obtained ever since
the use of bleaching powder was inaugurated.
The effect of the bleaching powder is at once made iaiown by
a very large reduction in the number of bacteria per cc. in the tap
water. Gas- formers, which had previously nearly always appeared in
the tap water now become absent in the 1 cc. sample, although present
in the 10 cc. sample. It is thought that the water is contaminated
with gas- formers after it leaves the filters, by growths in the under-
drains and clear well, for exampl©,and that they will disappear in
time, A thorough flushing with a strong solution of bleaching powder
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would likely be of much benefit. A sample of water fron the reservoir
showed the presence of gas-formers, and as no pximping is done on two
days of the week, the whole supply coiriing from the reservoir, it is
likely the whole system is infected with gas- forniers , It is "believed
their presence is of small significance and that they will gradually
disappear. In view of the small number of bacteria present in the
filtered water it seems hardly probable that any Coli are x^assing
through the filters.
COTTCLTiSIOlT.
A careful study of the results of the experiments quoted
above leads us to believe that the following: conclusions may be
safely drawn.
1. Free Chlorin naist be jjreaent in water to the extent
of at least 2 parts per Millicn before it can be detected by the taste
or smell.
2. It is possible to detect by starch and KI solution
quantities of free Chlorin above 0.06 parts per Million.
3. Quantities of bleaching powder not exceeding 0.1
grain per gallon seem to be sufficient to remove gas-forming bacteria
from a water. The effect on the total bacteria count appears to be
slight, as far as reducing it, is concerned. A marked stunting
effect is observed, however.
4. The bleaching pov/der solution should not be dissolved
in the same tank with the lime.
5. The bleaching pov/der solution should be added after the
lime and iron solutions (if the v/ater is treated in this way) have
become thoroughly mixed and the reactions completed.
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6. As muoh as possible of the coagulant and organic matter
and sediment shoiald be allowed to settle out before the addition of the
bleaching pov/der solution as otherwise the Chlorin is absorbed with-
out accomplishing its mission.
7. The allowance of a few minutes time for the bleaching
powder to act, j^reatly increases its effectiveness.



